Abstract: This paper shows consideration of decrease in cross-section stiffness in commonly used in practice RC (reinforced concrete) beams and slabs in cases when only reinforcing bars or only concrete compressed zone, which is subjected to fire. Analyses were based on: (1) standard fire curve [EN 1991-1-2]; (2) 500 o C isotherm method assumptions [EN 1992-1-2]; (3) mechanical properties of reinforcing steel heated up to high temperature. Afterwards, based on estimated decrease of cross-sections stiffness, the redistribution of bending moments was calculated in some cases of two-span RC beams and slabs subjected to fire from their bottom face. Due to the bending moment redistribution, one could expect a reduction of bending moments in span cross-sections and an increase of support bending moment. As a result of this phenomenon, the ultimate limit state of the structural multi span elements might occur after shorter fire duration than it could be expected when redistribution of bending moments is neglected.
Introduction


When reinforced concrete elements are exposed to fire, contraction of concrete and elongation of reinforcing bars can be much larger than found at room temperature [1] [2] [3] . This results in a significant reduction in cross-section stiffness, leading to high deformations (deflections) of the elements. Sometimes the large deflection bending elements can be prevented by the formation of a static scheme of secondary structures (e.g., if the bending elements lean against partition walls) [4] .
In predicting the fire resistance of roof elements, the worst fire scenario occurs when fire works from the bottom of the elements. In this case, in the span cross-sections is heated only reinforcement, and in cross-sections of the support only a compressed zone of concrete. Relative changes in the stiffness of the support and span cross-sections may result in the redistribution of bending moments under fire conditions.
The study analyzed computationally, how changes in stiffness encountered in the practice of slabs and reinforced concrete beams cross-sections exposed to fire only on the tensile reinforcement, or only from the compression zone of concrete. Then, using the two-span elements, has been determined what may be the impact of relative variation of stiffness of the sections to redistribution of bending moments and the projected capacity fire of elements.
It should also be noted that in case of fires in complex public or industrial buildings, in practice very rarely the structure is exposed to intense heat 
Stiffness of Cross-Section RC Slabs under Fire Conditions
Assumptions
Examined four cases two-span slabs of the span, thickness and reinforcement were chosen so that the conditions were fulfilled, the limit state bearing capacity and usability [5] . Adopted variable load q k = 5.00 kN/m 2 , which corresponds to the category of use such as C or D [6, 7] and a permanent load (g k ), which is the sum of the weight of its own slabs and the value of 1.25 kN/m 2 . For the calculation of the ULS (ultimate limit state), it has adopted a more unfavourable combination of loads specified by the formulas [6] and has been adopted: (2) For the calculation of SLS (serviceability limit state-deflection), it assumed a quasi-permanent combination of loads according to the formula:
In these formulas: γ G,sup -partial safety factor for permanent loads, γ G,sup = 1.35; γ Q -the partial coefficient for the effects variable, γ Q = 1.50; ψ 0 -the ratio of the value of combining the variable effects, ψ 0 = 0.7; ξ-a reduction factor, ξ = 0.85; ψ 2 -the ratio of the quasi-permanent value of variable loads, ψ 2 = 0.6.
It is assumed that all slabs are made of C30/37 concrete, reinforced with steel of characteristic yield strength f yk = 500 MPa. Distance from the edge of the axis of cross-section bars is 30 mm. Table 1 shows the most important information about the slabs.
It should be noted that the combination of loads determined by the Eq. (3) is also suitable for the analysis of fire conditions [6, 8, 9] . Given in Table 1 , the coefficient η is the ratio of bending moment in fire condition against the bending moment adopted to check the ULS.
Stiffness of slabs cross-sections in the fire conditions has been determined based on assumptions of the 500 o C-isotherm method, recommended in Ref.
[9] to calculate the bearing capacity of reinforced concrete elements exposed to standard fire [8] . This method assumes that the concrete in the outer part of cross-section, where the temperature exceeds 500 o C, is completely destroyed. In the rest, the inside of the section it is assumed that the strength of concrete is the same as at room temperature. The mechanical properties of reinforcement have been accepted depending on its temperature, regardless of whether the bars are located inside or outside the area limited by the position of 500 o C-isotherm. In the case of heating the tension zone (span cross-section), it was considered as a cross-section of unchanged dimensions, taking into account only increase the elongation of reinforcement. In the case of the compression zone heating, the cross-section of reduced dimensions and unchanged mechanical characteristics of reinforcement has been examined. The following presents the used calculation procedure.
The Procedure for Calculating Cross-Sectional Span Stiffness (Heated Reinforcement)
The first calculation was performed for the duration of the fire t = 0 min. The data used for the calculation are suitable for the calculated accidental situation of fire: 
The Procedure for Calculating the Stiffness of the Support Section (Heated Compressed Zone of Concrete)
The first calculation was performed for the Table 3 presents the main results of the calculations. (Tables 2 and 3 ). been reached. The support cross-sections of the stiffness is reduced, the faster, the lower section height.
Analysis of Stiffness Reduction in Cross-Section of Slabs
The ratio of stiffness of the span cross-section against support cross-section stiffness has fallen twice after 30 min of fire for all the thicknesses. A significant change in the proportion of the stiffness of the span and support cross-sections should lead to a substantial redistribution of bending moments, which is an increase support for reducing the span of the moments.
Stiffness of Cross-Section RC Beams under Fire Conditions
Assumptions
Considered two beams (two-span), one span is 6.0 m and another is 7. Fig. 7 [10] . They are the guidelines for a simplified prediction of the temperature of the reinforcement in reinforced concrete beams cross-sections exposed to standard fire.
In considering the beams, it should be taken into account that the temperature of the bars located in the corners of the cross-section is higher than that of bars located in the central part. This is reflected in the guidance given in Fig. 7 . In the calculations the corner and the middle bars temperatures have been set, then the resultant temperature was estimated as a weighted average, depending on the number of corner bars and the middle bars. Table 5 shows the estimated bars temperature value.
On the basis of the average temperature it was specified value of resultant (secant) modulus elasticity of steel, based on the graphs shown in Fig. 2 .
Stiffness of the cross-section was calculated by Eq. (4). Calculations have been done to the time at which ULS has occurred. Table 6 presents the main results of the calculations.
The Procedure for Calculating the Stiffness of the Support Cross-Section (Heated Compressed Zone of Concrete)
First calculations for the beginning of the fire have been performed. Then, based on Eq. (4) calculated cross-sectional stiffness (B fi ) for successive durations of fire. According to the assumptions of the 500 o C-isotherm method [9] dealt with a reduced cross-sectional size (Fig. 8) , and unchanged mechanical characteristics of reinforcement (E s = 200 GPa, f yk = 500 MPa) and concrete (E c,eff = 10.63 GPa and 9.94 GPa for h = 25 cm and 12 cm, respectively.
Location of 500 o C isotherms in the cross-section was estimated on the basis of Fig. 9 [10]. They are the guidelines for a simplified forecasting 500 o C isotherm distance from the side edge (a X ) and lower edge (a Y ) of the cross-section reinforced concrete beams exposed to standard fire. Table 7 shows the main results of the calculations.
Analysis of Stiffness Reduction in Cross-Section of Beams
Fig . 10 shows the ratio of the stiffness of the cross-section, calculated for successive durations of the fire against the initial stiffness (B fi /B fi (t = 0)), for span and support cross-sections (Tables 6 and 7 ). Fig. 11 shows the ratio of stiffness of span cross-section against h aY aX aX the stiffness of the support cross-section depending on the duration of the fire. (Fig. 12b) . beam exposed to variable load and fire in one span only (according to Fig. 12a ) in a persistent design situation, and in subsequent fire durations. The short horizontal lines correspond to the values of calculated load bearing capacity. Fig. 14 shows the comparison between the calculated bending moment and calculated load bearing capacity, in span and support cross-sections of the beam shown in Fig. 13 .
Figs. 15 and 16, in the same manner, present graphs of bending moments in the same beam, where a variable load and fire operate on both spans (Fig. 12b) .
With the "transition" from persistent design situation to accidental situation of a fire (Figs. 13a and  13b, Figs. 15a and 15b ) the calculated load bearing capacity greatly increases. Then, as the fire effect, span moments decrease and support moments increase.
In span cross-sections (Figs. 14 and 16) slightly decreasing calculated moment "moves away" from the rapidly decreasing calculated load bearing capacity. This causes a slight delay of a computational load limit state in cross-sections of the span.
In the cross-sections of the support (Figs. 14 and 16) rapidly growing calculated moment soon, "approaches" the decreasing calculated load bearing capacity. This results in a significant acceleration of ultimate limit state in cross-sections of the support.
Consequently, as a result of redistribution of bending moments, the calculated ultimate limit state occurs firstly in the support cross-section, and then in cross-section of the span. If omitted the redistribution of bending moments would be the reverse situation. ULS occurs in the first in the span cross-section, and then in the support cross-section.
Please note that the occurrence of ULS in a support cross-section will result in re "descending" graph of bending moments, which was not considered in this paper. 
On
In conclu load and fire redistributio destruction than it would neglected re case of load omission of essential for destruction.
Slab wit 25 cm
Figs. 17-2 
Conclus
In the fir computation encountered cross-section fire only on compression based on ass In the second part of the paper, for example of two span elements, it has been estimated the impact of changes in stiffness of the cross-sections on redistribution of bending moments.
As a result of redistribution of bending moments, a slight decrease in the span moments and relatively significant increase in the support moment should be expected. Consequently, the calculated ultimate limit state occurs firstly in cross-section of a support, and then in span cross-section. If omitted the redistribution of bending moments, it would be the reverse situation.
ULS would occur firstly in the span cross-section, and then in the support cross-section.
The ultimate limit state in elements with relatively large cross section (as a result of redistribution of bending moments due to changes in stiffness of the cross-section) may occur slightly earlier than could be expected when the impact of redistribution is neglected.
In elements with relatively small cross-section, the redistribution of bending moments should not have a significant impact on the time, when ultimate limit state occurs.
